An outbreak of enterovirus 71 (EV71) infection occurred in Taiwan in 1998. The clinical spectrums and laboratory findings for 97 patients with virus culture-proven EV71 infections were analyzed. Eighty-seven percent of the patients were younger than age 5 years. Hand-foot-and-mouth syndrome occurred in 79% of the children and central nervous system (CNS) involvement in 35%, including nine fatal cases. The predominant neurological presentations were myoclonus (68%), vomiting (53%), and ataxia (35%). Brain stem encephalitis was the cardinal feature of EV71 CNS involvement during this outbreak. Magnetic resonance imaging and pathological findings illustrated that the midbrain, pons, and medulla were the target areas. EV71 brain stem encephalitis can present either with cerebellar signs and an initially mild, reversible course or with overwhelming neurogenic shock and neurogenic pulmonary edema (NPE) resulting in a fatal outcome. Brain stem encephalitis that progressed abruptly to neurogenic shock and NPE was indicative of poor prognosis in this epidemic. Early aggressive treatment and close monitoring of the neurological signs are mandatory to improve the chance of survival.
Enterovirus 71 (EV71) infection was first described in 1974 in the United States, and outbreaks were subsequently reported worldwide [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The infection has been associated with an array of clinical diseases, including hand-foot-and-mouth syndrome (HFMS), herpangina, aseptic meningitis, poliomyelitislike paralysis, and possibly fatal encephalitis [1] .
In April 1998, a 22-month-old girl with HFMS was admitted to a hospital in southern Taiwan and subsequently died of neurogenic shock and neurogenic pulmonary edema (NPE). EV71 was isolated from the tracheal aspirates of the patient. This was the first culture-proven EV71 infection reported in Taiwan that year. Following this incident, EV71 infection outbreaks were reported from several medical centers, and the virus isolated was also found to be of the EV71 subtype [13, 14] . The striking feature of this outbreak was involvement of the CNS, including that in nine fatal cases in the Tainan area.
In this report we describe the clinical spectrum, the laboratory findings, and the outcome for 97 children with cultureproven EV71 infection. Specifically, we highlight the neurological complications of EV71 infection.
Patients and Methods
The medical records of 97 consecutive patients with cultureconfirmed EV71 infections were retrospectively reviewed. All data were collected between April and December 1998 at National Cheng Kung University Hospital, a 1,000-bed teaching and tertiary care hospital in southern Taiwan. From the records of identified EV71-infected patients, we noted demographic data, clinical features, laboratory findings, neuroimaging manifestations, pathological findings, and outcome.
We defined an EV71 infection as the isolation and typing of virus from at least one specimen (throat swab, stool, CSF, or other), in addition to a negative bacterial culture. Aseptic meningitis, myelitis, encephalitis, or brain stem encephalitis was diagnosed by pediatric neurologists and/or with additional neuroimaging evidence. We defined aseptic meningitis as an illness clinically compatible with CSF pleocytosis, with either negative bacterial culture or isolation of virus from the CSF. We defined myelitis as an illness characterized by acute onset, flaccid reflexes, and muscle weakness, without any history of trauma.
We defined brain stem encephalitis as an illness characterized by myoclonus, ataxia, nystagmus, oculomotor palsies, and bulbar palsy, in various combinations, with or without neuroimaging evidence. NPE was defined by the subsequent development of respiratory distress symptoms and signs (tachycardia, tachypnea, rales, and copious frothy sputum) plus chest roentgenographic evidence of bilateral pulmonary infiltrates without cardiomegaly.
All specimens were collected in viral transport media and inoculated onto monolayers of A549 cells, green monkey kidney cells, and Vero cells within 24 hours. The cultures were incubated stationary at 37°C and inspected daily (for a minimum of 14 days) for viral cytopathic effect (CPE) [15, 16] . When typical enteroviral CPE was seen, EV71 was identified with use of two EV71 type-specific monoclonal antibodies (mAb 3323 and 3324; Chemicon International, Temecula, CA) with immunofluorescence stains. Since EV71 monoclonal antibody 3323 cross-reacts with coxsackievirus A16 and monoclonal antibody 3324 does not cross-react with coxsackievirus A16, EV71 isolates were identified by positive staining of both monoclonal antibodies. These isolates were further confirmed by neutralization test with polyclonal antibodies produced in rabbit against EV71.
Results
From April through December 1998, a total of 198 enterovirus infections were identified by viral isolation at the Clinical Virology Laboratory of National Cheng Kung University Hospital. EV71 was isolated from 97 patients (56 males and 41 females). The monthly distribution of EV71 infections during the epidemic is depicted in figure 1 . The age of EV71-infected patients ranged from 3 months to 12.5 years, and most infections occurred in infants and preschool children: 52 patients (54%) were Ͻ2 years old and 84 (87%) were Ͻ5 years old.
Clinical, Laboratory, and Imaging Findings
All patients were febrile at diagnosis, and 31% had a temperature of Ͼ39°C. The main clinical presentations were herpangina (10 patients; 10%), HFMS (77; 79%), and CNS involvement (34; 35%).
HFMS. The skin eruption was manifested as papules, vesicles, or petechiae on the hands (61%) and/or feet (60%) or as aphthae on the tongue and oral mucosa (81%). Vesicles and erythema over the buttocks (32%) and upper and lower limbs (39%) were observed frequently. Among patients with culture-proven EV71 infection, 77 had typical HFMS, and among these patients 24 had CNS involvement. In all eight cases in which a petechial rash was noted, neurogenic shock and death occurred.
CNS features. The CNS involvement in 34 patients comprised aseptic meningitis in 3, meningomyelitis in 1, brain stem encephalitis in 20, and brain stem encephalitis complicated by neurogenic shock and NPE in 10 (table 1). The most common EV71-associated CNS features were myoclonus (68%), vomiting (53%), ataxia (35%), intention tremor (21%), lethargy (21%), nystagmus (18%), and apathy (15%). Four of the 10 patients with NPE had their condition diagnosed but died on arrival at the emergency department.
Patients who had NPE usually presented with tachycardia, tachypnea, or apnea, as well as hypotension or undetectable blood pressure. CNS symptoms and signs first manifested a median of 3 days after the occurrence of fever. Among the patients with CNS involvement, 32% (11 of 34) had a family history of HFMS (in siblings). The results of CSF analysis showed WBC counts ranging from 2/mm 3 to 594/mm 3 , with a median of 70/mm 3 , and 35% of the patients had counts of Ͼ100/mm 3 . There was a predominance of polymorphonuclear cells in 42% of patients and of lymphocytes in 58%. The CSF glucose level (mean, 75 mg/dL) was within normal limits in all patients. CSF protein levels ranged from 17 mg/dL to 88 mg/dL and were moderately elevated (Ͼ50 mg/dL) in 16 (47%) of the patients evaluated. The lactate level in CSF ranged from 1.2 mmol/L to 10.2 mmol/L (mean, 2.6 mmol/L; normal, Ͻ2.8 mmol/L). MRI, performed on 14 patients, showed that nine patients had pontine enlargement and increased signal in the midbrain, pons, and medulla on T 2 -weighting (figure 2). Electroencephalography was performed on 13 patients, and eight had sporadic sharp or spindle waves. No serious cerebral dysfunction was indicated.
Pathological Findings
Only on patient 29 was an autopsy performed. The external configuration of the brain was normal. The predominant pathological findings were in the thalamus, pons, midbrain, medulla oblongata, and spinal cord, where severe inflammatory changes were scattered. Neuropathological manifestations were characterized by diffuse perivascular inflammatory cell infiltrates and neuron degeneration, pyknosis, and necrosis. Immunofluorescence staining for EV71 antigen was positive in the neuronic cytoplasm.
There was mild degeneration of the myocardium, with some lymphocyte infiltrates. However, no myocardium necrosis and calcification were noted. In the lung tissue there was severe congestion with focal hemorrhage and ischemic necrosis. Immunofluorescence staining of lung and heart tissue for EV71 antigen was negative.
Virological Findings
A total of 1,820 specimens for virus culture were obtained from 359 patients with clinically suspected enterovirus infec- 
Management and Outcome
Among the 97 patients who presented to the hospital, 39 (40%) were admitted and 58 (60%) were followed as outpatients. All of the patients who had clinical symptoms and signs of CNS involvement were hospitalized. The average duration of hospitalization was 6.5 days, and 31% of patients required intensive care. Respiratory failure occurred in 10 patients. Fourteen patients received intravenous immunoglobulin therapy and one received additional therapy with acyclovir. Nine of the 10 patients who presented with shock and pulmonary edema as the initial manifestations of infection died. The majority of the patients were discharged without significant immediate complications.
Discussion
Several epidemic outbreaks of enterovirus infection occurred between January 1994 and December 1998 in Taiwan [17, 18] . During this period, enterovirus was isolated from 280 children, including EV71 from 97 patients reported in this study. The most frequently isolated enteroviruses were coxsackievirus B1 in 1994 and 1995, coxsackievirus B3 in 1996, coxsackievirus A9 in 1997, and EV71 in 1998 [13, 14, 17, 18] .
In the present study we first noted the clinical spectrums and neurological complications of culture-proven EV71 infection in Taiwan. The Department of Health in Taiwan received 407 case reports of HFMS associated with CNS complications during the period of April-December 1998. Seventy-seven of the patients died. Since we did not have complete epidemiological data for the outbreak period, the morbidity and mortality rates perhaps represent only "the tip of the iceberg" of a nationwide pattern of EV71 infection.
HFMS is a highly contagious, distinctive viral infection for which no specific therapy is known. Clinically, HFMS presents with a mild prodrome consisting of malaise and fever. The enterovirus coxsackievirus A16 is by far the most common cause, although enteroviruses A5, A9, A10, B2, B5, and 71 may be occasionally responsible [1] . EV71 infection sometimes involves the CNS. Outbreaks of HFMS due to EV71 have been observed in Japan, Sweden, Australia, the United States, and Malaysia [2, 3, 9, 11, 12] . Most individuals with clinical features consistent with EV71 infection have a skin lesion typical of HFMS, which was prevalent in the community during the outbreak. Although HFMS is most commonly described, petechial rash had been reported, in association with CNS involvement, and can even be fatal (as in nine of our cases) [9, 19] .
The neurological manifestations may reflect the neurotropism and neurovirulence of EV71 and the unusual severity of disease with this virus in children. The neurological manifestations of EV71 infections were protean, comprising meningitis, encephalitis, and flaccid paralysis [4, 6, 8, 9, 19] . Previous reports of EV71 neurological complications focused on the poliomyelitis-like paralysis. According to these previous reports, the cases of encephalitis with ataxia, intention tremor, and nystagmus were suggestive of hemispheric and vermis cerebelli dysfunction [3, 19] . The lesion related to myoclonus was thought to be in the thalamic or subthalamic reticular areas.
Ishimaru and co-workers [3] addressed the finding that encephalitis caused by EV71 was localized mainly in the cerebellum and partly in the brain stem and the basal ganglia. They speculated that death might be ascribed to cerebellar herniation and/or brain stem compromise after lumbar puncture [3, 19] . However, cerebellar signs can be one of the basic elements of the neurological syndrome in brain stem encephalitis [20 -24] . Clinical signs of brain stem encephalitis are often related to acute inflammation or to the eventual necrosis of nuclei, cranial nerves, and white matter tracts. It may be a reversible syndrome, usually commencing with pontomedullary and midbrain signs, followed by rostral-caudal progression [24, 25] .
With use of noninvasive neuroimaging techniques such as MRI, pontine enlargement was seen in nine of our cases, with areas of increased signal in the midbrain, posterior pons, and medulla on T 2 -weighting. Our postmortem studies revealed severe inflammatory changes, with extensive neuron pyknosis and necrosis at the pons, medulla, and midbrain. EV71 was recovered from the thalamus, pons, midbrain, and medulla tissues but not from CSF. Isolation of EV71 from CSF has been shown to be difficult. Therefore, CSF was not an appropriate substitute for CNS tissue for EV71 isolation. Though EV71 was recovered from the myocardium, myocarditis did not appear to contribute to death, as indicated by the clinical and pathological findings. In comparison with myocarditis caused by coxsackievirus B, there was no necrosis or calcification of the myocardium [1, 18] . The distinctive neurological syndromes, with very rapid occurrence of brain stem involvement and deterioration leading to death, had also been reported previously in Bulgaria and Malaysia [26, 27] . Therefore, we agree that brain stem encephalitis plays an important role in the CNS involvement of EV71 infection.
The usually brief (mean duration, 2.8 days) constitutional prodrome of fever, lethargy, vomiting, and rash is similar to that of many other viral infections. Myoclonus, vomiting, and ataxia are the predominant neurological presentations. The onset of neurological signs was often abrupt during the epidemic, and patients' conditions either regressed to devastating neurogenic shock with NPE or gradually improved over the subsequent few days. In cases of encephalitis, there was no conscious disturbance or seizure attack to suggest severe cerebral insults.
Cerebellar signs can precede respiratory insufficiency, circulatory impairment, and coma in brain stem encephalitis. Baker described the correlation between extensive damage to the vasomotor center in the medulla and NPE in 10 fatal cases of poliomyelitis [28] . Neurogenic shock with NPE is a lifethreatening complication following a primary insult to the CNS.
On the basis of radiological and histopathologic findings, we postulate an etiologic correlation between EV71 and brain stem encephalitis as a cause of NPE. In addition to the hypoxia and frothy sputum, all the patients who died had peripheral vasoconstriction with pallor, cold sweats, and a rapid, weak pulse. Therefore, NPE appears to result from alteration of sympathetic outflow. The development of vasoconstriction leads to a shift of blood from the highly resistant systemic circulation to the less-resistant pulmonary circulation. In this circumstance, pulmonary edema is thought to occur secondarily to direct hydrostatic force as well as to increased permeability from endothelial injury [29] .
The mortality associated with NPE is high, and early aggressive treatment is required to improve chances of recovery. The treatment of NPE is primarily supportive. The mainstay of management is mechanical ventilation, with adequate oxygenation and reversal of the peripheral effects of the sympathetic stimulation. It would be effective to administer alpha-blocking agents to counteract sympathetic reflex activity [30] . However, since the development of NPE is abrupt and unpredictable, the clinical effectiveness of alpha-blocking agents is limited.
In the present report, we describe nine cases of EV71 infection that were complicated by neurogenic shock and NPE and led to death. These infections have raised greater awareness of clinically significant infections with EV71. The importance of a functional humoral immune response in overcoming enteroviral infection is demonstrated by the chronic or lifethreatening disease that is observed in agammaglobulinemic patients [31] . The unique situation of a child with nonprotective or incompletely protective cross-reacting humoral immunity may show an important state of vulnerability with regard to EV71 infection of the CNS.
The 26% attributable mortality rate among patients with EV71 CNS involvement (9 of 34) is probably related to the proximity of many vital structures within the brain stem. In addition, delays in detection of the deteriorating neurological signs and in initiation of appropriate cardiopulmonary assessment and management played roles in these deaths [21] [22] [23] [24] [25] . The key to survival in cases of EV71 brain stem encephalitis is early detection and close monitoring of the development of further neurological changes. The syndrome is less suspected during the constitutional prodromal stage, whereas during the early neurological phase, encephalitis may be suspected. Auxiliary diagnostic testing that is performed while the brain stem syndrome is evolving, such as CSF analysis and brain MRI, can provide information regarding the presence of brain stem encephalitis.
In summary, we have reported 97 cases of virus cultureconfirmed EV71 infections and highlighted the fact that brain stem encephalitis should be considered a potential fatal complication that occurred during the epidemic in Taiwan in 1998. We also proved the existence of brain stem encephalitis by MRI, pathological evidence, and associated neurological manifestations. The present study marks the beginning of an effort to further understand the pathogenesis of EV71 brain stem encephalitis.
